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NUMERICAL APPROACHES OF PRICING EUROPEAN OPTIONS IN
THE COX-ROSS-RUBINSTEIN MODELS
HAI PHAN DEPARTMENT OF COMPUTER SCIENCE, DEPARTMENT OF MATHEMATICS, DEPAUW UNIVERSITY
OBJECTIVES
1. Understanding option pricing in Finance.
2. Understanding fundamental mathematical
theories in Probability.
3. Experiencing to get the result based on the
theories in Finance and Probability.
4. Obtaining knowledge to get tables, graphs,
and figures from data using Python pro-
gramming language.
INTRODUCTION
The Cox-Ross-Rubinstein (CRR) market mode is
used to price European and American Options
without complex elements, including dividends,
stocks, and stock indexes paying a continuous
dividend yield, futures, and currency options.
The model is an elegant, simple, but strong model
to explain the general economic intuition behind
option pricing and its principal techniques. In the
paper, the CRR model’s numerical elements and
equations are indicated, and a practical event is
examined to demonstrate the application of the
model in the financial market. To make it eas-
ier to understand, figures, including tables and
graphs, are also included to visualize and sim-
plify the model and output data.
BINOMIAL PRICING MODEL WITH TWO STEPS
We consider the basic concept for the pricing
model with step two:
Figure 1: Basic Binomial Model for the European call
option
Figure 2: Two-period binomial model example for the
European call option. The values of the security in each
node are in blue. The values of the option in each node
are in red.
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CONCLUSION
• The binomial model that we investigated is
using an iterative approach utilizing multi-
ple periods.
• It is the widely adopted mathematical for-
mula for valuing several kinds of options in
economics.
• Analyzing the model gives us insight into
a stream of stocks or assets and estimates
their values. Using Python code gave the
methodology to explore the model and how
to assess the pricing value.
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NUMERICAL RESULTS AND TABLES
Figure 3: Stock Trend over June 2021.
Figure 4: Stock Tree.
Figure 5: European Call Option Tree.
Figure 6: European Put Option Tree.
MATHEMATICAL MODEL
The N−period binomial model uses a pair of in-
tegers (n, j) to indicate each node in the tree, with
n = 0, 1, . . . , N and j = 0, 1, . . . , n. Over one pe-
riod of time, an origin node (n, j) leads to node
(n + 1, j + 1) with probability p or leads to node
(n+1, j) with probability 1−p. The index j counts
the number of up changes to that time, so nj is the
number of down changes. The stock value at each
time step is therefore given by:
St = St−1U
jDn−j . (1)
There are (n, j) paths that lead to node (n, j) so








pj(1− p)n−j . (2)
Then the option price f for N-period binomial
model is calculated as:







The Python program uses TSLA stock getting
from the Nasdaq website, the scope is within one
month of June 2021 (from June 1 to June 29).
Number of time steps n = 20 since there are only
20 days in June 2021 that are updated with stock
value.
Figure 7: TSLA in June 2021 and the Input-Output data
summary.
